Abstract. This paper aims to report on an experience of using an innovative groupware tool to support real, collaborative learning. We base the success of on-line collaborative learning on extracting relevant knowledge from interaction data analysis in order to provide learners and instructors with efficient awareness, feedback, and monitoring as regards individual and group performance and collaboration. Monitoring is especially important for online instructors since they can use this valuable provision of information as a meta cognitive tool for regulating the collaborative learning process more conveniently and provide adequate support when needed. In addition, learning and knowledge building may be greatly enhanced by presenting selected knowledge to learners as for their particular skills exhibited during interaction, such as the impact and effectiveness of their contributions. Indeed, by letting learners be aware of both their own and others' progress in the process of knowledge building may promote learners' participation and boost group performance. The ultimate goal of this paper is to provide a model to achieve a more effective support and assessment of the collaborative process while enhancing and improving the learning experience. To validate this study, a real online learning environment is employed to support asynchronous collaborative activities.
Introduction
A relevant research topic in Computer Supported Collaborative Learning (CSCL) is to explore the importance of efficient management of event information generated from group activity in collaborative learning practices for its further use in extracting and providing knowledge on interaction behavior [1] . This view is especially notorious in the current shifting from a traditional educational paradigm (centered in the figure of a masterful instructor) to an emergent educational paradigm which considers students as active and central actors in their learning process. In the Age of the Knowledge Society, students learn, with the help of instructors, technology and other students, what they will potentially need in order to develop their future academic or professional activities [2] .
The essential issue here is first how to design a CSCL setting that can be used for real, long-term, complex collaborative problem solving situations and which enables the instructor to both analyze group interaction effectively and provide an adequate support when needed. Secondly, how to extract relevant knowledge from collaboration in order to provide learners with efficient awareness and feedback as regards individual and group performance and assessment. We therefore base the success of CSCL applications on the capability of such applications to embed information and knowledge extracted from group activity interaction and use it to achieve a more effective group monitoring [3] .
Large amounts of information data are generated from asynchronous interaction, usually stored in log files, which includes complex issues of the collaborative work and learning process (e.g., group well-being as well as self-, peer-and group activity evaluation [3] ). This knowledge is then fed back and presented to the participants in a suitable manner to greatly influence the collaborative process by allowing students to compare their individual performance to the group one [4] . This information also serves for the instructor to identify groups with a low activity level, which allows for establishing just-in-time assistance for them [5] .
The real context in this study is the virtual learning environment of the Open University of Catalonia (UOC) 1 . Part of UOC courses' curricula includes the participation of students in on-line discussions with the aim of sharing and discussing their ideas. Indeed, the discussion process plays an important social task where participants can think about the activity being performed, collaborate with each other through the exchange of ideas that may arise, propose new resolution mechanisms, as well as justify and refine their own contributions and thus acquire new knowledge [6] .
The paper is organized as follows: Section 2 introduces the main ideas of a theoretical framework for collaborative discussion processes, whose purpose is both to model the main interactions that describe a generic discussion process and to provide a global scheme for monitoring purposes. Based on these principles, Section 3 reports on the experiences and the evaluation results achieved from using ad hoc computer systems that provide effective knowledge to students and assist instructors by means of monitoring reports on the discussion process. Finally, Section 4 concludes by summarizing the main contribution presented in this paper and outlining ongoing and future work.
Use of Interaction Data Analysis in a Discussion Process
Given the added value of asynchronous online discussion groups as one of the main elements of the pedagogical model in many educational organizations, it is essential to provide adequate on-line tools to support the whole discussion process, which also includes students' monitoring and evaluation. In this context, an important issue raised in collaborative learning interactions is the change from divergence to shared understanding and to possible construction of knowledge. The point is to understand how collaborative interactions develop over time: whether students raise new issues (ideas) more frequently as they become more familiar with the discussion and discussants, and whether shared knowledge building becomes richer over time, and subsequent evidence that students were able to construct their own understanding based on their interactions with others in formal educational settings [7] , [8] , [9] . To this end, our model annotates and examines a variety of elements that contribute to the understanding of the nature of the collaborative interactions, such as the students' passivity, proactivity, reactivity as well as the effectiveness and impact of their contributions to the overall goal of the discussion (see a complete description of this model in [4] ).
In overall, we believe that there are more evident key discourse elements and aspects that play an important role both for promoting student participation and enhancing group and individual performance, such as, the impact and effectiveness of students' contributions, among others, that we explore in this work. By making these elements explicit, our discussion model accomplishes high students' participation rates and contribution quality in a more natural and effective way. Indeed, our approach goes beyond a mere interaction analysis of asynchronous discussion in the sense that it builds a multi-functional model that fosters knowledge sharing and construction, develops a strong sense of community among students, provides the instructor a powerful tool for students' monitoring and discussion regulation, while it allows peer facilitation through self-, peer-and group awareness and assessment. To this end, it is important that the system is capable of managing both qualitative and quantitative information and transforming it into useful knowledge for all the implicated parties in an efficient and clear way.
Furthermore, instructors need to face the important challenge of the high dropout rates typically found in any type of distance program and activity [2] . Indeed, the nature of distance education can create a sense of isolation in learners who can feel disconnected from the instructor, the rest of the class, and even the institution. It is necessary, then, that instructors provide just-in-time guidance and assistance to students' activities and also that they provide regular feedback on these activities. However, the evaluation of hundreds of contributions in a multi-member discussion and thoroughly track all the activities performed can be a tedious and time-consuming task for instructors and should be adequately supported. It is even much more complex to figure out the interactions taking place among students and/or groups of students, to identify the relevant actors -groups' leaders and followers-, to detect students that are likely to dropout the course, or to perceive possible group internal conflicts or malfunction before it gets too late to efficiently manage these problems [1] , [3] . To this end, our model on interactions includes the provision of monitoring reports that can be used by instructors to easily track down the learners' online behavior and group's activity at specific milestones during the discussion process, gather feedback from the learners and scaffold groups with low degree of activity as well as to regulate the discussion by providing just-in-time assistance according to groups' and students' necessities.
Consequently, the analysis of the interactions occurring in an online discussion process yields very useful conclusions on aspects such as individual and group working, dynamics, performance and success, which allows the instructor to obtain a global account of the progress of the individual and group work and thus to identify possible conflicts and monitor the whole learning process much better. The aim is both to provide reliable indicators that qualify the contributions and to promote the discussion's dynamics by increasing the users' interaction with the system. The definition and measurement of the indicators used to assess participation behavior, knowledge building and performance are entirely discussed in [4] .
A Knowledge Building and Monitoring System
In order to validate the previous ideas, in this section, we introduce both a prototype of a web-based structured discussion forum system, called Discussion Forum (DF) (see [4] for a detailed description of this application) and a global scheme of the monitoring system called Student Activity Monitoring using Overview Spreadsheets (SAMOS) [5] , which were developed to bring new opportunities to learning by discussion and to meet new pedagogical models. We report here on this novel experience and the results achieved in the real learning context of the Open University of Catalonia.
An Effective Structured Discussion Forum
The DF supports a complete discussion and reasoning process based on specific types of generic contributions, namely problem statement, elaboration and consensus. The problem statement occurs during the initial stage of the discussion process carried out by the instructor or group member who contributes by defining a new situation to discuss. Elaboration refers to specific contributions in which a sub-problem is stated, extended, and finally reached a consensus on a solution proposed. Finally, when one or more solutions are proposed, the consensus exchanges take place for their approval. When a solution is finally approved, the discussion terminates.
In order to support this discussion process, the DF design includes certain thematic annotation cards based on the low-level exchange categories (Fig. 1) , such as information-clarification and request of opinion that qualifies each contribution and as a result structure the discussion process conveniently for later processing and analysis. Consequently, following the principles mentioned in Sect. 2, all contributions are recorded, analyzed as information and the knowledge extracted is presented to participants in (almost) real time with the aim of guiding directly students during the learning activity and also for monitoring purposes. Fig. 2 shows the provision to students of updated knowledge about the discussion in the form of complex feedback. This feedback allows students to compare their performance to the group as well as to identify which dimension of their participation needs to be improved.
Finally, the DF provides additional features to support the discussion in comparison to traditional discussion tools, such as discussion threads in fully separated rooms and open-closed branched dialogs [4] . In order to evaluate our prototype of the DF and analyze its effects in the discussion process, 80 graduated students enrolled in the course Methodology and Management of Computer Science Projects during the last term were involved in this experience. Students were equally distributed into two classrooms and participated in the experience at the same time and during the same time (i.e., a fortnight). Students from one classroom were required to use the well-known asynchronous threaded discussion forum offered by the UOC virtual campus while the other group of students used the new DF outside the campus to support the same discussion with the same rules. In comparison to the traditional discussion tool used in the other classroom, the DF provided students with relevant feedback from the discussion process, such as the current mean number of all contributions' qualitative mark for each student, peer assessment, passivity level, and the impact value and effectiveness of each student's contributions (Fig. 2) .
A statistical analysis of the results comparing both the standard and the DF tools is shown in Table 1 . Despite the standard tool generated more threads, most of them were actually empty (i.e. just 8 threads were contributed with more than 1 post vs. 42 threads in the DF). Moreover, the standard deviation (SD) for the posts/thread mean appears to be high in the DF, which proves the heterogeneity of the discussion involving threads of very different length. Finally, note the very high SD statistic in the posts/students mean due to a single outlier, without which SD is 6,3. Table 1 . Main statistics extracted from the discussion using both discussion tools.
The results of the semi-automatic assessment were very promising since the instructor in charge of the DF agreed with the final marks proposed by the system in more than 75% of cases. 31 out of 40 students in the DF's rank (see Fig. 2 ) matched the same position as in the rank appeared in the instructor's manual evaluation. In addition, the instructor reported the promising benefits from the DF in the monitoring process since this new tool alleviates instructors and moderators from the tedious work of tracking and evaluating the discussion's dynamics and outcomes manually. Next, we present additional mechanisms for the instructor to monitor the discussion.
The Global Scheme of a Monitoring System
This sub section shows the global scheme of the monitoring system that we have developed and tested in real collaborative learning settings. The general functioning of this system is explain next (see [5] for a complete description and Fig. 3 ):
1. Students participate in the collaborative spaces associated to their working group: they post or read contributions in the discussion tool, send or read emails, upload or download documents, manage folders and files, etc. Each of these activities can be considered as an event of a certain type which has been carried out by a particular student at a certain time and web space. 2. Events generated by students are registered in log files in the learning management system (a BSCW server [10] in our case, but the approach is generic and it could be any other learning management system). 3. A specific Java application, called EICA [5] , is used to automatically read and process new incoming log files and to store the extracted data into a unique persistent database in the corresponding server. 4. Database files are then processed by SAMOS application. SAMOS was specifically designed and developed to generate weekly reports which summarize group and student activity levels in a graphical manner. 5. The server automatically sends these reports to instructors by e-mail. 6. Instructors receive these reports and analyze them, looking for groups and students which seem to be "at risk", i.e.: students with low activity levels -which makes them likely to be non-participating students and possible dropout students-, and groups with low activity levels -which makes them to be possible malfunctioning groups. 7. These results are then combined and contrasted with the qualitative self-, peerand group evaluation reports which are generated by the students themselves. 8. Once the groups and students at risk have been detected, and the specific problems have been identified and classified according to whether they refer to task, group functioning or group social cohesion, instructors contact them to offer specific guidance and support towards the best development and completion of their collaborative activities. This way, students and groups at risk, receive just-in-time and efficient guidance and support so that to enhance and continue their individual or collaborative work during the discussion more successfully.
Statistics
As an initial design option, we chose to generate weekly monitoring reports with the aim to show a small set of graphs that were easily and quickly understood by instructors, so that they did not have to invest extra time in analyzing data. To this end, we designed the following charts: (1) groups' classification graph, (2) students' classification graph, (3) group's activity-evolution graph, and (4) student's activityevolution graph.
For the sake of exemplifying the type of monitoring reports, we present here the groups' classification graph (a detailed description of the other charts can be found in [5] ). This chart (Fig. 4) is a scatter plot of the following two variables: X = "average number of events per member that have been generated by group i during this (current) week" ( 1, 2,..., i n = ), and Y = "average number of events per member that have been generated by group i during an average week". The plot also includes the straight lines x x = and y y = , which divide the graph in four quadrants, Q1 to Q4. That way, points in Q1 can be seen as representing heading groups since their activity levels are above the two activity means -current week and average week-; points in Q2 can be considered as lowering groups, since even when historically their activity level has been above the activity level for an average week, their current activity level is below the average; points in Q3 represent those groups which are below the two activity means -current and historical-and, therefore, they can be considered as groups at risk, since they are the most likely to suffer from low task contribution, group malfunctioning, lack of social cohesion and eventually from students' dropouts; finally, points in Q4 can be seen as improving groups, since even though their activity level has been historically below the mean, their level has been above the mean during the current week, so they are experimenting some improvement in their activity level. Note that these interpretations can be stronger as the distance between the considered point and the straight line is greater -e.g.: considering its distance from the x-bar line, there is good evidence that the activity of the group in Q4 has been fairly improved during the current week.
In order to test whether the information provided by SAMOS may significantly influence groups' and students' performance in real collaborative learning situations in a more systematic and extensive way, we carried out the following experiment during the last academic term: a random sample of size 40 students was drawn from the population of groups that were participating in several discussions in collaborative elearning courses. During the semester, instructors of these selected groups were provided with weekly reports generated by SAMOS, so that they could detect students and groups at risk and provide them with just-in-time guidance and support. At the end of the semester, we calculated the following indexes:
1. Percentage of sampled groups which concluded their discussions according to its initial specifications (PGF). 2. Percentage of sampled groups which received a positive evaluation of their discussions at the end of the semester (PGP). 3. Percentage of sampled groups which experimented dropouts (PGD) -that is, some of the group members abandoned the discussion during the semester.
Moreover, we used historical data from previous semesters to obtain the before-SAMOS population percentages for these indexes, 0 , we could conclude from the corresponding p-values that the tests associated with indexes 1 and 3 were significant. In other words, statistical evidence supports the idea that the information provided by SAMOS has contributed to significantly enhance the PGF and PGD indexes in collaborative e-learning courses offered in our e-learning environment.
Conclusions and Future Work
This paper describes a promising approach for enhancing knowledge management that contributes to the improvement of the discussion process in virtual collaborative learning environments from both the knowledge building and monitoring perspective. The results of the experiences reported here are not conclusive due to its exploratory nature. However, from the analysis of the results it has been proved to promise significant benefits for students in the context of discussion by learning, project-based learning, and in education in general.
A decentralized distributed infrastructure has been recently added to our prototypes [11] in order to meet certain important non-functional requirements that may influence the learning process a great deal, such as performance, scalability, faulttolerance, and interoperability. The gain in performance might help us, for instance, include more complex information of the collaboration to be generated and presented in real time (such as modelling the participants' behaviour during the discussion by combining individual and group session and navigation information). We plan to explore these interesting possibilities further.
